Exocytosis—one vesicle at a time by Tuma, Rabiya
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The elusive cell cycle–
transcription link
 
cientists have known for years that transcription is 
repressed as cells enter mitosis, yet the mechanistic 
bridge between the two processes has eluded detection. 
Now, Jian Chen, Beat Suter (McGill University, Montreal, 
Canada), and colleagues find that Xpd, a component of the 
general transcription factor complex, TFIIH, regulates 
another member of the complex, Cdk7, and thereby controls 
both transcriptional activity and entry into mitosis.
 
 
 
“We weren’t specifically looking 
at Xpd,” says Suter. “We picked up 
the gene in a screen for mutants 
that suppressed a cell cycle defect 
in Cdk7” in 
 
Drosophila
 
. The group 
found that decreased amounts of Xpd 
promote Cdk7 cell cycle activity. 
Conversely, overexpression of Xpd 
appears to pull Cdk7 into TFIIH, 
where it activates transcription but 
is unavailable to stimulate entry 
into mitosis. The cells thus become 
blocked at the G2/M transition.
The researchers found that Xpd protein levels ebb and 
flow with the cell cycle, disappearing in prometaphase when 
Cdk7 needs to be free from TFIIH. It is not yet clear if Xpd’s 
role linking transcription and the cell cycle is conserved in 
mammals, but Suter says they will tackle that question next. 
Additionally, the team is working to find out what initiates 
the cascade leading to Xpd degradation. 
 
 
 
Reference: Chen, J., et al. 2003. 
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Low levels of Xpd 
(green) coincide 
with cell division 
(M, A, T), higher 
levels with interphase 
and prophase (P).
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Exocytosis—one vesicle at a time
 
ocalized Ca
 
2
 
 
 
 spikes 
resulting from voltage-
gated Ca
 
2
 
 
 
 channels trigger 
membrane fusion of 
individual vesicles in 
chromaffin cells, according 
to Ute Becherer (Max-
Planck Institute for 
Experimental Medicine, 
Göttingen, Germany), 
Martin Oheim (Ecole 
Supérieure de Physique 
L
 
et Chimie Industrielles, CNRS, Paris, 
France), and colleagues.
Ca
 
2
 
 
 
 microdomains have been implicated 
in triggering hormone and transmitter 
release, but until now researchers have 
not been able to track individual vesicles 
and measure localized microdomain 
 
Loss of Rb launches cell cycle
 
nlike germline mutations, acute somatic loss of an important 
tumor suppressor gene is sufficient to push quiescent cells 
into the cell cycle, according to Julien Sage, Abigail Miller, 
Tyler Jacks (MIT, Cambridge, MA), and colleagues.
Although retinoblastoma (RB) 
mutations are relatively common in 
human cancers, researchers have been 
puzzled by the observation that other 
proteins, including p107, are able to 
compensate partially for Rb’s absence 
in knock-out mice. In human tumors, 
in contrast, p107 is present and 
functional, yet Rb mutations are 
clearly linked to tumor formation.
To determine whether sporadic 
somatic mutations, which probably occur during cancer development, 
induce a different response from germline ones, the team engineered 
a conditional mutant in which Rb could be excised by Cre 
recombinase. The homozygous transgenic mice were wild type, but 
when the team deleteted Rb in embryonic fibroblasts derived from 
these mice, they began to see effects. Quiescent fibroblasts exposed 
to Cre recombinase entered the cell cycle despite the fact that p107 
was present. Senescent cells reacted in a similar manner.
In both cases, p107 expression increased after several days, 
indicating that there is a window for cell proliferation after the loss 
of Rb. Says Jacks, “even if in vivo this is a transient effect, we still 
have uncovered a situation where loss of Rb function alone could 
expand a population in which further cancer-associated mutation 
might occur.”
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U
Rapid loss of Rb (right; 
open bars) in fibroblasts 
induces cell cycle entry.
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activity in the membrane to 
confirm the one-on-one 
dynamics. Oheim’s team 
used dual-color evanescent 
field imaging with low 
affinity Ca
 
2
 
 
 
 dyes to image 
near-membrane Ca
 
2
 
 
 
 
concentration and watch 
the fusion of individual 
fluorescently filled vesicles. 
The team finds that voltage-
gated Ca
 
2
 
 
 
 entry evokes 
A microdomain spike of 
Ca
2  (red) is distinguishable 
from global changes (blue).
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spatially confined spikes of Ca
 
2
 
 
 
 that 
trigger release of a vesicle’s contents into 
the extracellular space.
The docked vesicles only respond to 
Ca
 
2
 
 
 
 microdomain spikes within a narrow 
region. “If a granule is located more than 
300 nm away from the Ca
 
2
 
 
 
 spike, it is 
completely blind to the event, as if there 
was no microdomain,” said Oheim. This 
limited region of influence agrees with 
previous mathematical models of diffusion 
that predict that Ca
 
2
 
 
 
 microdomains 
would have a very narrow range of action.
More surprising is the observation that 
only about half of the vesicles docked at 
the membrane and exposed to a Ca
 
2
 
 
 
 
microdomain spike fuse with the plasma 
membrane. The researchers speculate that 
these nonfusing vesicles have just arrived at 
the membrane and are not yet fully primed 
for release. When such vesicles are exposed 
to elevated Ca
 
2
 
 
 
, they move toward the 
Ca
 
2
 
 
 
 entry site, which may increase their 
chances of release during the next spike.
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